Malin SK, Kirwan JP, Sia CL, González F. Pancreatic ␤-cell dysfunction in polycystic ovary syndrome: role of hyperglycemiainduced nuclear factor-B activation and systemic inflammation. Am J Physiol Endocrinol Metab 308: E770 -E777, 2015. First published February 24, 2015 doi:10.1152/ajpendo.00510.2014.-In polycystic ovary syndrome (PCOS), oxidative stress is implicated in the development of ␤-cell dysfunction. However, the role of mononuclear cell (MNC)-derived inflammation in this process is unclear. We determined the relationship between ␤-cell function and MNC-derived nuclear factor-B (NF-B) activation and tumor necrosis factor-␣ (TNF-␣) secretion in response to a 2-h 75-g oral glucose tolerance test (OGTT) in normoglycemic women with PCOS (15 lean, 15 obese) and controls (16 lean, 14 obese). First-and second-phase ␤-cell function was calculated as glucose-stimulated insulin secretion (insulin/glucose area under the curve for 0 -30 and 60 -120 min, respectively) ϫ insulin sensitivity (Matsuda Index derived from the OGTT). Glucose-stimulated NF-B activation and TNF-␣ secretion from MNC, and fasting plasma thiobarbituric acid-reactive substances (TBARS) and high-sensitivity C-reactive protein (hs-CRP) were also assessed. In obese women with PCOS, first-and second-phase ␤-cell function was lower compared with lean and obese controls. Compared with lean controls, women with PCOS had greater change from baseline in NF-B activation and TNF-␣ secretion, and higher plasma TBARS. ␤-Cell function was inversely related to NF-B activation (1st and 2nd) and TNF-␣ secretion (1st), and plasma TBARS and hs-CRP (1st and 2nd). First-and second-phase ␤-cell function also remained independently linked to NF-B activation after adjustment for body fat percentage and TBARS. In conclusion, ␤-cell dysfunction in PCOS is linked to hyperglycemia-induced NF-B activation from MNC and systemic inflammation. These data suggest that in PCOS, inflammation may play a role in impairing insulin secretion before the development of overt hyperglycemia. insulin secretion; glucose intolerance; androgens; insulin resistance; mononuclear cells; obesity; insulin sensitivity UP TO 70% OF WOMEN WITH POLYCYSTIC ovary syndrome (PCOS) exhibit insulin resistance and are at risk for type 2 diabetes (T2D; see Refs. 7, 10, and 40). The conventional glucoseregulatory response to insulin resistance is a reciprocal rise in pancreatic ␤-cell insulin secretion that maintains normal blood glucose concentrations (29). While this compensatory hyperinsulinemia in PCOS has been reported and linked to elevated androgens (3, 38), defects in ␤-cell function are observed independent of body weight and the degree of insulin resistance (5, 6, 14, 27, 40) . Consequently, it is not surprising that nearly 50% of women with PCOS develop prediabetes or T2D before the age of 40 (7, 10, 40). Further work is required to elucidate the mechanism involved in this attenuated ␤-cell function to better understand how interventions may prevent hyperglycemia in women with PCOS.
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Hyperglycemia-induced reactive oxidative species (ROS) from mononuclear cells (MNC) is directly related to insulin resistance and circulating androgens in PCOS (20 -23) . The resultant oxidative stress leads to lipid peroxidation and DNA damage, and activation of nuclear factor-B (NF-B), the cardinal signal of inflammation. Activated NF-B dissociates from inhibitory-B (IB) in the cytoplasm and undergoes nuclear translocation to promote the transcription of tumor necrosis factor-␣ (TNF-␣), a proinflammatory cytokine known to impair insulin signaling and action (46) . Although the link between insulin resistance and inflammation in the pathogenesis of T2D is well established, inflammation may also play an important role in disrupting pancreatic insulin secretion (13, 50) . Within the ␤-cell, there is a readily available pool of insulin released upon initial glucose ingestion (1st phase) that is followed by synthesis of new insulin to manage postprandial glucose fluctuations (2nd phase) (30) . Recent studies demonstrate that macrophages derived from circulating MNC infiltrate pancreatic islets in primates (39) and humans with T2D (15) and disrupt pancreatic insulin secretion. Indeed, TNF-␣ from MNC-derived macrophages activates NF-B within the ␤-cell thereby inducing endoplasmic reticulum stress and subsequent ␤-cell apoptosis (50) . We recently reported a link between hyperglycemia-induced MNC oxidative stress and low first-phase ␤-cell function in women with and without PCOS (34) and proposed that inflammation may trigger attenuated ␤-cell function in women with PCOS. However, to date, no study has specifically examined the interaction between hyperglycemia-induced MNC inflammation and decompensated first-or second-phase pancreatic ␤-cell function in humans. Therefore, we tested the hypothesis that MNC-derived NF-B activation and TNF-␣ secretion in response to oral glucose ingestion would be associated with ␤-cell dysfunction independent of body fat and oxidative stress.
METHODS

Subjects.
Sixty women, 30 with PCOS (14 lean, 16 obese) and 30 ovulatory controls (16 lean, 14 obese), 18 -40 yr of age volunteered for this cross-sectional study. Forty-seven of these subjects were involved in our previous work on PCOS and ␤-cell function and had complete data to assess inflammation (34) . One-half of the cohort was also involved in our prior work with insulin resistance (22) . Subjects were nonsmoking, weight stable (Ͻ2 kg weight loss in the previous 6 mo), free of T2D or cardiovascular disease, and not involved in habitual exercise for at least 6 mo before the study. Subjects were excluded if they were taking supplements or medications known to influence glucose metabolism or immune responses. Lean and obesity were defined as having a body mass index between 18 -25 and or 30 -40 kg/m 2 , respectively. Women with PCOS were selected using the National Institutes of Health criteria. As such, the presence of oligomenorrhea (i.e., intermenstrual intervals Ͼ35 days) and hyperandrogenemia [i.e., testosterone Ͼ60 ng/dl; androstenedione Ͼ3 ng/ml; or dehydroepiandrosterone-sulfate (DHEA-S) Ͼ300 g/dl] was required after excluding nonclassic congenital adrenal hyperplasia, Cushing's Syndrome, hyperprolactinemia, and thyroid disease. All subjects with PCOS also exhibited polycystic ovaries on ultrasound. All control subjects had regular menses lasting 25-35 days and a luteal range serum progesterone level consistent with ovulation (Ͼ5 ng/ml). All control subjects exhibited normal circulating androgen levels and did not have any skin manifestations of androgen excess or polycystic ovaries on ultrasound. Subjects received both verbal and written information about the study before signing informed consent documents approved by our Institutional Review Board.
Body composition. Body weight was recorded on a digital platform scale with subjects wearing a hospital gown to the nearest 0.1 kg. Height was measured without shoes using a wall-mounted stadiometer to the nearest 1.0 cm. All subjects underwent dual-energy X-ray absorptiometry to determine total body fat and truncal fat (Hologic, Waltham, MA). Truncal fat was defined as the area between the diaphragm and the top of the greater trochanter.
Pancreatic ␤-cell function. Subjects were provided weight-maintenance meals (resting metabolic rate ϫ1.2; ϳ50% carbohydrate, 30% fat, and 20% protein) and were instructed to refrain from strenuous activity during the 3 days before testing. An oral glucose tolerance test (OGTT) was performed in all women 5-8 days following the onset of menstruation. After an 8-to 12-h overnight fast, a 75-g OGTT was performed, and blood samples were obtained from an antecubital vein at 0, 30, 60, 90, and 120 min to measure plasma glucose and insulin. Insulin sensitivity derived from the OGTT (ISOGTT) was estimated using the Matsuda Index (36), and total area under the curve (AUC) during the OGTT was calculated using the trapezoidal method. Firstand second-phase glucose-stimulated insulin secretion (GSIS) was calculated by dividing plasma insulin by glucose AUC during the first 30 and last 60 min of the OGTT as previously described (35) . Because the amount of insulin secreted to maintain normoglycemia is influenced by the ambient level of insulin sensitivity, the product of GSIS and ISOGTT (i.e., disposition index) was calculated to characterize pancreatic ␤-cell function.
MNC isolation and molecular assays. MNCs were isolated by density gradient centrifugation in Polymorphprep separation media (Accurate Chemical and Scientific Corporation, Westbury, NY) from blood samples obtained during the OGTT at 0 and 120 min (2 h). As shown previously, these time points reflect baseline and peak or near-peak glucose-stimulated proinflammatory responses, respectively (2). Nuclear-bound NF-B was quantified by electrophoretic mobility shift assay (EMSA) as described before (19, 22) . EMSA band specificity was verified by incubating the samples with specific antibodies against the p65 (H-286) and p50 (H-119) subunits of the NF-B complex (Santa Cruz Biotechnology, Santa Cruz, CA) to supershift the bands, and by competition with cold oligonucleotides. The protein content of IB was quantified by Western blotting using a 1:1,000 dilution of a monoclonal antibody against IB (Transduction Laboratories) and actin (Santa Cruz Biotechnology) (1) . Densitometry after EMSA and Western blotting was performed on scanned films using Carestream Molecular Imaging software version 5.0.2.30 (Rochester, NY), and values for IB were corrected for loading using those obtained from actin. A pooled control sample from all study subjects was also loaded on all Western blot gels to adjust for differences in exposure among gels.
MNC culture. Isolated MNC were washed and resuspended in RPMI (Sigma) and seeded in coated cell culture plates as previously described (31) . The cells were incubated for 24 h (humidified, 5% CO2, 37°C), and cell supernatants were collected (10,000 g for 2 min) and stored at Ϫ80°C for subsequent analysis.
Biochemical analysis. Serum glucose was determined during the OGTT using a glucose oxidase assay (YSI 2300 STAT Plus, Yellow Springs, OH). All remaining blood was centrifuged at 1,000 revolutions/min for 10 min at 4°C, and stored at Ϫ80°C until analysis. Plasma insulin was measured by radioimmunoassay (Millipore, Billerica, MA). Plasma high-sensitivity C-reactive protein (hs-CRP) was determined by a high-sensitivity enzyme-linked immunosorbent assay (ELISA; Alpha Diagnostics International, San Antonio, TX). Serum luteinizing hormone (LH), testosterone, androstenedione, and DHEA-S concentrations were measured by radioimmunoassay (Siemens Healthcare Diagnostics, Deerfield, IL). Plasma thiobarbituric acid-reactive substances (TBARS), an index of oxidative stress related to lipid peroxidation, was measured by fluorescence (OXItex; ZeptoMetric, Buffalo, NY) (23) . MNC-derived TNF-␣ was determined via highsensitivity ELISA (R & D Systems, Minneapolis, MN). All samples from each subject were measured in duplicate in the same assay to minimize variance.
Statistical analysis. Data were analyzed using the statistical program R (Leopard build 64-bit; The R Foundation, Vienna, Austria). Skewed data were log transformed for statistical analysis to meet normality requirements. Because prior work by our group suggests that obesity reduces insulin sensitivity in PCOS (2, 20 -23) , data from this study were compared across groups using ANOVA. In the event of statistical significance, pairwise comparisons with Bonferroni adjustments were used to identify the source of significance. The absolute change from baseline between pre-and 2-h post-glucose ingestion values was used to characterize TNF-␣ secretion from MNC. The percent change from baseline between alterations in NF-B and IB was determined for each subject to account for intersubject variability. Pearson's product moment correlation was used to determine associations. Linear regression analysis was used to adjust for body fat and oxidative stress to confirm the relationship between ␤-cell function and inflammation. Data are expressed as means Ϯ SE, and significance was accepted as P Յ 0.05.
RESULTS
Age, body composition, and serum androgen levels. Groups were similar in age, but body weight and total body fat were significantly greater (P Ͻ 0.05) in obese subjects compared with those who were lean (Table 1) . Compared with weightsimilar controls, women with PCOS exhibited significantly higher (P Ͻ 0.05) serum levels of LH, testosterone, androstenedione, and DHEA-S.
Glucose regulation. Glucose and insulin excursions during the OGTT are shown in Fig. 1 , A and B, and clinical values are shown in Table 1 . Fasting and 2-h glucose levels were comparable across groups, although glucose at 60 and 90 min was statistically higher in obese women with PCOS compared with lean and obese controls (P Ͻ 0.05). Compared with lean controls, women with PCOS and obese controls had higher fasting and 2-h insulin levels with a tendency towards higher second-phase insulin AUC (P ϭ 0.11) and 2-h insulin levels (P ϭ 0.07) in obese subjects regardless of PCOS status. First-phase GSIS was higher in obese women with PCOS (P Ͻ 0.05) and obese controls (P ϭ 0.06) compared with lean controls, but was comparable in lean women with PCOS and lean controls. Second-phase GSIS was higher (P Ͻ 0.01) and IS OGTT was lower (P Ͻ 0.05) in women with PCOS compared with weight-similar controls (Table 1) . First-and second-phase ␤-cell function (Fig. 2, A and B) was significantly lower (P Ͻ 0.05) in obese women with PCOS and modestly lower (P ϭ 0.08, first phase only) in lean women with PCOS compared with weight-similar controls.
Inflammation and oxidative stress in MNC and plasma. Basal and 2-h values of NF-B, IB, and TNF-␣ are shown in Table 2 . Basal and 2-h values of NF-B and IB were similar across groups. TNF-␣ values were higher in lean controls compared with those of the other groups. In response to glucose ingestion, the change from baseline (%) in activated NF-B was significantly greater (P Ͻ 0.01) in women with PCOS compared with weight-similar controls (Fig. 3A) . The change from baseline (%) in IB protein content was significantly lower (P Ͻ 0.05) and the absolute change in TNF-␣ secretion was significantly higher (P Ͻ 0.05) in both PCOS groups and obese controls compared with lean controls (Fig. 3 , B and C). Fasting plasma TBARS was significantly higher (P Ͻ 0.05) in lean and obese women with PCOS and obese controls compared with lean controls (Table 1 ). In contrast, fasting plasma hs-CRP was higher (P Ͻ 0.05) in both obese groups compared with either lean group.
Correlations. First-and second-phase ␤-cell function was negatively correlated with glucose-stimulated NF-B activation (Fig. 4, A and B) , and first-phase ␤-cell function was positively correlated with IB protein content ( Table 2) . Firstand second-phase ␤-cell function remained independently linked to NF-B activation after adjustment for body fat percentage (estimate: Ϫ0.001, t value: Ϫ1.95, P ϭ 0.05) and TBARS (estimate: Ϫ0.001, t value: Ϫ2.7, P ϭ 0.008). The relationship between NF-B activation and first-phase ␤-cell function was also independent of the ratio of truncal fat to total body fat (estimate: Ϫ0.001, t value: Ϫ1.95, P ϭ 0.05), and there was only a trend for impact on this relationship when trunk truncal fat percentage was used in the model (estimate: Ϫ0.001, t value: Ϫ1.90, P ϭ 0.06). Furthermore, the relationship between NF-B activation and second-phase ␤-cell function was independent of the ratio of truncal fat to total body fat and truncal fat percentage (estimate: Ϫ0.001, t value: Ϫ2.69, P ϭ 0.009).
Glucose-stimulated NF-B activation was negatively correlated with IS OGTT (r ϭ Ϫ0.43, P ϭ 0.006), and positively correlated with MNC-derived TNF-␣ secretion (r ϭ 0.46, P Ͻ 0.001), plasma hs-CRP (r ϭ 0.39, P Ͻ 0.001), and plasma TBARS (r ϭ 0.35, P Ͻ 0.006). Serum levels of testosterone and androstenedione were positively correlated with NF-B activation and TNF-␣ secretion, and negatively correlated with IB protein content (Table 3) . Serum androstenedione was also positively correlated with plasma TBARS and hs-CRP, and serum DHEA-S was positively correlated with plasma TBARS.
DISCUSSION
These data show for the first time that MNC-derived NF-B activation in response to glucose ingestion is inversely related to in vivo measures of first-and second-phase ␤-cell function. Suppression of postprandial inflammation appears to be a normal physiological response to glucose ingestion, since this is associated with adequate matching of GSIS to the level of insulin sensitivity. This is reflected by decreases in NF-B activation and TNF-␣ secretion and increases in IB protein content from MNC in normoglycemic lean ovulatory controls. This is in contrast to lean women with PCOS where glucose ingestion increases NF-B activation and TNF-␣ secretion and decreases IB protein content from MNC compared with lean controls. These findings are consistent with our previous reports in women with PCOS (19, 23) and older adults (32) , and in impaired glucose tolerance (16) and type 1 diabetes (26). This observation is important because it illustrates that, in 
Data are expressed as means Ϯ SE; n, no. of subjects. BMI, body mass index; LH, luteinizing hormone; DHEA-S, dehydroepiandrosterone-sulfate. AUC, area under the curve, ISOGTT, insulin sensitivity derived from the Matsuda index; 1 st and 2 nd phase GSIS, glucose-stimulated insulin secretion was calculated as insulin/glucose area under the curve 0 -30 min and 60 -120 min of the oral glucose tolerance test, respectively; hs-CRP, high-sensitivity C-reactive protein; TBARS, thiobarbituric acid-acid reactive substances. P value represents ANOVA. #Data log-transformed for statistical analysis. †Significantly different compared with lean controls (P Ͻ 0.05). ‡Significantly different compared with obese controls (P Ͻ 0.05). §Significantly different compared with lean women with polycystic ovary syndrome (PCOS, P Ͻ 0.05).
PCOS, feeding alone is capable of triggering inflammation in the absence of obesity (17, 48) .
Elevated ␤-cell mass is a typical consequence of insulin resistance that allows for increased insulin secretion to maintain normoglycemia (42) . In fact, insulin-resistant obese controls in our study cohort exhibit greater first-and second-phase GSIS compared with lean controls. In contrast, lean women with PCOS with a comparable degree of insulin resistance to obese controls do not exhibit greater first-phase GSIS. This latter finding suggests that, in PCOS, early ␤-cell decompensation can occur before the development of obesity and that MNC-derived inflammation may reduce the readily available pool of insulin to respond to glucose ingestion (41, 44) . Interestingly, second-phase GSIS reflecting the synthesis of new insulin to manage fluctuations in postprandial glucose is increased in lean PCOS women compared with lean controls and comparable to that of obese controls. Despite differences between first-and second-phase GSIS, these observations should be viewed with caution given that the amount of insulin that is secreted to maintain normoglycemia is influenced by the prevailing insulin sensitivity. Consequently, ␤-cell function is best characterized by the product of GSIS and IS OGTT . In this context, only first-phase ␤-cell dysfunction is evident after correcting for insulin resistance in lean women with PCOS. Thus, our data suggest the possibility that the stark differences in first-vs. second-phase ␤-cell function in lean women with PCOS are linked to inflammation-induced deficits in ␤-cell mass and/or function (37, 49) .
Obese women with PCOS exhibit the greatest degree of insulin resistance and compromised ␤-cell function, which may confer the greatest risk for developing T2D compared with obese controls or lean women with PCOS. Because obesity is associated with elevated ␤-cell mass (42), it is not surprising that obese women with PCOS have exaggerated first-and second-phase GSIS compared with lean women with PCOS. It is evident after correction of GSIS for insulin resistance that first-and second-phase ␤-cell function is significantly lower compared with both lean groups and obese con- trols. This decrease in ␤-cell function may very well reflect the initial sign of disruption in the balance between inflammationinduced ␤-cell injury and compensatory ␤-cell function (9, 28) . TBARS, a common index of lipid peroxidation, was similar in both obese groups and lean women with PCOS, suggesting that differences in insulin resistance among groups are independent of oxidative stress alone. Instead, the combination of excess total body fat and/or trunk truncal fat and PCOS may promote greater inflammation to account for the profound decrease in insulin sensitivity and ␤-cell function in obese women with PCOS. Glucose-stimulated NF-B activation from MNC is greater in obese women with PCOS compared with lean women with PCOS. Furthermore, measures of adiposity, including abdominal adiposity, in our study cohort are negatively associated with insulin sensitivity and positively associated with MNC-derived NF-B activation and TNF-␣ secretion as well as plasma TBARS and hs-CRP. Abdominal adiposity has been linked to elevations in circulating mediators of inflammation such as hs-CRP that have been shown to impair ␤-cell function, although our study cannot rule out a role of adipokines (e.g., adiponectin or leptin) or elevated free fatty acids in this process (9, 28) . Nevertheless, our data indicate that the regulation of early and late-phase blood glucose control in response to glucose ingestion appears to be synergistically hampered by inflammation unique to PCOS in conjunction with the inflammatory load of excess body fat. Our findings are of clinical relevance because they highlight the unique pancre- atic endocrine phenotypes in lean and obese women with PCOS that may differentially elevate risk of developing fasting vs. postprandial glucose intolerance (30) .
Hyperandrogenism in PCOS may contribute to ␤-cell dysfunction. It remains controversial whether androgens are capable of imparting a direct effect on the pancreatic ␤-cell. In rodents, androgen receptors have been identified in ␤-cells, and prenatal androgen exposure decreases ␤-cell sensitivity to GSIS (2, 3, 18, 25, 27, 43, 45) . In humans, however, induction of hyperandrogenism in healthy individuals has no effect on ␤-cell function or viability (11) . The ability of hyperandrogenism to contribute to pancreatic dysfunction in PCOS is most likely through the induction of oxidative stress and inflammation from MNC that may ultimately promote ␤-cell failure in susceptible individuals (33) . Circulating androgens are positively associated with glucose-stimulated NF-B activation and TNF-␣ secretion from MNC along with plasma TBARS and hs-CRP, and negatively associated with glucose-stimulated IB protein content. This corroborates similar results from our other studies (2, 20 -23) . Furthermore, we have recently reported that hyperandrogenism is capable of activating MNC to increase MNC sensitivity to glucose ingestion in a receptordependent fashion (19, 20, 24) . Thus, it appears that in PCOS, hyperandrogenism serves as an additional indirect mechanism to accentuate the deleterious effects of oxidative stress and inflammation on ␤-cell function.
Our study has certain limitations that may affect our interpretation. We recognize that associations do not equate to causality and that further studies are needed to elucidate the role of MNC-derived inflammation on ␤-cell function in PCOS. In addition, we acknowledge that our study cannot completely rule out the specific role of visceral fat as opposed to subcutaneous fat on pancreatic function, since we did not use magnetic resonance imaging or computed tomography scans to determine abdominal fat. We also recognize that subtle differences in plasma glucose during 60 and 90 min of the OGTT could cause some degree of impairment in pancreatic insulin secretion between PCOS and control subjects. It is likely that the higher blood glucose in obese women with PCOS is an effect of excess body fat that promotes insulin resistance and ␤-cell dysfunction. In contrast, it is unlikely that hyperglycemia per se is the primary factor explaining our results since lean women with PCOS exhibit ␤-cell dysfunction in the face of glucose levels comparable to lean and obese controls. Moreover, the distinct differences in metabolic and inflammation parameters we report in women with PCOS compared with weight-similar controls lend support to the contention that, in PCOS, a distinct ␤-cell dysfunction is MNC, mononuclear cell; IB, inhibitory-B; ␤-cell function, disposition index (GSIS ϫ ISOGTT). Fasting insulin, 2-h insulin, GSIS, hs-CRP, LH, DHEA-S, and androstenedione were log-transformed for statistical analysis. Statistically significant correlations are represented by *P Ͻ 0.05, †P Ͻ 0.01, and ‡P Ͻ 0.001. present before the development of overt impaired glucose intolerance or T2D. The reason for increased basal TNF-␣ secretion from MNC of lean healthy controls is unclear. However, data should be interpreted with caution as opposed to inferring that healthy controls have greater inflammation than PCOS or obese counterparts. We have not observed increased basal TNF-␣ secretion from MNC in lean controls compared with other groups in our previous work (19) , and there is no clinical correlate with TNF-␣ secretion from MNC. In fact, hs-CRP, a well-established biomarker of inflammation, was low in healthy controls, showing that these individuals are not characterized by clinical inflammation. Most importantly, TNF-␣ secretion from MNC decreased in response to glucose ingestion, suggesting that suppression of MNC-derived inflammation goes hand-in-hand with adequate pancreatic ␤-cell function. We also acknowledge that use of plasma C-peptide as a measure of prehepatic insulin secretion may provide more direct measures of ␤-cell function. Nevertheless, we have previously shown that hepatic insulin extraction does not affect insulin-derived calculations of ␤-cell function from the OGTT before or after lifestyle modification (35) . Use of the euglycemic and hyperglycemic clamp or frequently sampled intravenous glucose tolerance test may provide a more accurate assessment of insulin resistance and GSIS, respectively, compared with OGTT-derived measures (8) . However, these intravenous techniques exclude the gastrointestinal tract, which limits the physiological understanding of in vivo ␤-cell function. Nevertheless, the IS OGTT has been shown to correlate strongly with euglycemic clamp-derived measures of insulin sensitivity (36) , and our IS OGTT results for lean and obese women with PCOS compared with weight-similar controls mimic those from seminal articles that used the euglycemic clamp (12) . Thus, use of the OGTT may provide more "realworld" advantage to discerning links between MNC and systemic markers of inflammation and in vivo ␤-cell function.
In conclusion, lean women with PCOS exhibit MNC-derived inflammation and lower first-but not second-phase ␤-cell function, suggesting that inflammation may affect distant pathways regulating insulin secretion physiology before the development of obesity. In contrast, obese women with PCOS exhibit greater insulin resistance than lean subjects along with first-and second-phase ␤-cell dysfunction, indicating that the combination of PCOS and obesity induces greater decompensation of pancreatic responses to insulin resistance. Most importantly, ␤-cell function is directly related to MNC-derived NF-B activation in response to glucose ingestion along with plasma TBARS and hs-CRP, and inversely related to IB protein content, which implicates inflammation in the impairment of ␤-cell function in PCOS (4, 44, 47) . Our findings highlight the need for further investigation to determine the mechanism by which inflammation interacts with the pancreatic ␤-cells to increase diabetes risk in PCOS.
